The ability to control/regulate emotions is an important coping mechanism in the face of emotionally stressful situations. Although significant progress has been made in understanding conscious/deliberate emotion regulation (ER), less is known about non-conscious/automatic ER and the associated neural correlates. This is in part due to the problems inherent in the unitary concepts of automatic and conscious processing 1 .
Task Design, Stimuli, and Experimental Protocol
The overarching protocol involves assessments of emotional ratings of pictures (immediate impact), and of the memory for these pictures (long-term impact), as a result of inducing the goal to regulate emotional responses. The goal to regulate is induced explicitly or implicitly, and the immediate and long-term impact is assessed relative to ratings of and memory for pictures presented during baseline blocks/runs that precede the ER manipulations (pre-ER induction baseline); see Figure 1 for a diagram of the overall experimental design. Below we provide details regarding all these aspects.
Figure 1. Diagram of the protocol.
The ER goal is induced in each participant both consciously/explicitly and non-consciously/implicitly, but the order of induction is different and counterbalanced across participants -i.e., those assigned to explicit ER in the first part complete the implicit manipulation in the second part, and vice versa; each manipulation is preceded by its own baseline runs. See below for detailed descriptions of the Rating and Memory tasks.
Explicit ER manipulation.
In the explicit ER condition, the emotion rating task is preceded by instructions to suppress emotional experience and expression of emotional responses. Previous evidence suggests that explicit ER strategies can reliably influence emotional responding 2 . 2. Implicit ER manipulation. For this, an adaptation of the Scrambled Sentence Task (SST) 3 is used to non-consciously induce the goal to regulate emotions. In this task, participants have to construct 20 four-word grammatically correct sentences from five-word jumbles that have embedded words that convey the idea of emotion control (e.g., "restrains", "stable", "covered"), and thus prime the participants to suppress their emotional response 4 . The emotion control words were taken from previous studies 4 , and selected by asking undergraduate students to "list the 20 words that come to your mind when you think of the concept 'emotion control'." 3. Of note, to maintain the same structure of the task in both ER conditions, a SST is also performed in the explicit ER condition, but in this case participants are presented with 20 sentences containing only neutral terms regarding the goal to control emotions. 4 . Selection of Stimuli. Stimuli consist of emotional and neutral pictures selected from the International Affective Picture System (IAPS) 5 , based on their normative scores for emotional valence and arousal. Careful attention should be paid to balancing the emotional content of picture across all study runs, and hence avoid confounding effects due to possible differences in these basic properties. 5. Timing of the task. Each picture is presented on the screen for 4 seconds, and then is removed to minimize confounding effects of eye movements associated with prolonged scanning of images 6 ; a fixation cross follows each picture for 12 seconds. Participants' task is to watch the picture and rate their subjective emotional experience triggered by the pictures on an 8-point scale (1 = neutral, 8 = extremely negative).
To avoid mood induction, pictures are pseudo-randomized so that no more than three pictures of the same valence are consecutively presented.
6. One week later, participants view an equal number of Old (seen in the scanner) and New pictures (never seen before), which are presented in black and white to prevent ceiling performance. Following an Old/New decision based on whether they remember seeing the pictures while in the scanner or not, participants also rate the confidence of their responses on a 3-point scale (1 = low; 2 = medium; 3 = high confidence).
1. On the day of scanning, participants' current state of mind is assessed 7 , to control for the effect of mood on the emotional experience and ability to control emotions. In conjunction with post-scanning assessments, these initial evaluations can be also used to screen for changes in mood as a result of study participation. Assessments of personality traits, such those indexing habitual engagement of emotion regulation strategies 8 can also be made to investigate their possible influences on the success of the ER manipulation and the associated neural correlates. 2. Prior to the scan, the participants are informed in detail of the scan procedures, and are given specific instructions for the behavioural task. To avoid discomfort and to create increased familiarity with the task, participants are also given abbreviated practice runs for both the emotion rating task and the SST.
3. Participants are instructed to lie supine on the scanning bed, with additional cushioning for the head to ensure comfort during the scan and minimize movement. The non-adhesive side of a length of tape may be wrapped lightly around the participants' forehead to further minimize head movement. Participants are given ear protection as well as isolation headphones to communicate with the experimenter during the MRI scan. 4. Subjects' right hand is positioned comfortably on the response box, thus allowing the left hand to be used for support or for other measurements (e.g., skin conductance responses). An emergency stop button is placed nearby so that the subject may indicate any urgent need to stop the scanner. Before starting data collection, it is critical to make sure that the subject can see the screen projection clearly for stimulus presentation and that the response buttons work properly. 5. The study is divided into runs/blocks of trials, to allow participants time to rest, and to avoid massive data loss in case of equipment malfunction. Run order is counterbalanced between participants, and each run begins with six seconds of fixation, to allow for MR signal stabilisation.
traits indexing habitual engagement of ER strategies) can also be performed, to investigate how brain activity co-varies with individual differences in behaviour and personality.
Representative Results:
Figure 2. Decreased amygdala activity and increased prefrontal cortex activity following ER manipulation. Inducement of the ER goal was associated with reduced activity in brain areas associated with emotion processing, including the amygdala (a), and increased activity in brain regions associated with cognitive control and emotion regulation 10 , including ventrolateral prefrontal cortex (PFC) (b), dorsolateral PFC (d), and medial PFC (c) 11, 12 . As shown in the bar graph illustrating the vlPFC activity, explicit and implicit ER were associated with similar patterns of response, suggesting that these changes reflect joint contribution of explicit and implicit ER. , and a similar 2-way ANOVA on data from the control group (N = 9) did not yield a significant main effect of Delay (Baseline vs. Delayed Runs) or a significant Delay x Valence interaction. These findings suggest that the decrease in ratings in the experimental group was due to the induction of the goal to control emotions rather than due to habituation following repeated exposure to emotional stimulation. *because of data attrition due to common causes (e.g., technical failure), behavioral analyses in the experimental group were based on data from 20 participants.
Taken together, these behavioral and brain imaging findings validate the present experimental design, which can be used to compare explicit and implicit inductions of the goal to regulate emotions. It should be noted that the present report emphasizes aspects that result from the joint contribution of the Explicit and Implicit ER manipulations, but this does not exclude the possibility that their effects may be dissociable at behavioral and/or brain level.
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